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Experimental study on pool boiling in a porous artery 
structure 
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35&KLQD 
bSchool of Chemical and Process Engineering, University of Leeds, Leeds, LS2 9JT, UK 
$EVWUDFW ,Q WKLVZRUNDSRURXVDUWHU\VWUXFWXUH LVSURSRVHG WRHQKDQFH WKHFULWLFDOKHDW IOX[
&+)RISRROERLOLQJEDVHGRQWKHFRQFHSWRI³SKDVHVHSDUDWLRQDQGPRGXODWLRQ´DQGH[WHQVLYH
H[SHULPHQWDOVWXGLHVKDYHEHHQFDUULHGRXWIRUYDOLGDWLRQ,QWKHH[SHULPHQWPXOWLSOHUHFWDQJXODU
DUWHULHVZHUHPDFKLQHGGLUHFWO\LQWRWKHWRSVXUIDFHRIDFRSSHUURGWRSURYLGHLQGLYLGXDOIORZSDWKV
IRUYDSRUHVFDSLQJ7KHDUWHULHVZHUHFRYHUHGE\DPLFURSRURXVFRSSHUSODWHZKHUHFDSLOODU\IRUFHV
FDQEHGHYHORSHGDW WKH OLTXLGYDSRU LQWHUIDFH WRSUHYHQW WKHYDSRU IURPSHQHWUDWLQJ WKHSRURXV
VWUXFWXUHDQGUHDOL]HVWURQJOLTXLGVXFWLRQVLPXOWDQHRXVO\7KHSRROZDOOZDVPDGHRIWUDQVSDUHQW
TXDUW]JODVVWRHQDEOHDYLVXDOL]DWLRQVWXG\ZKHUHWKHOLTXLGYDSRUGLVWULEXWLRQDQGPRYHPHQWFDQ
EHREVHUYHGGLUHFWO\)DYRUDEOHUHVXOWVKDYHEHHQUHDFKHGDVH[SHFWHGDQGDPD[LPXPKHDWIOX[XS
WR:FPZDVDFKLHYHGZLWKQRLQGLFDWLRQRIDQ\GU\RXWZKLFKVXFFHVVIXOO\YDOLGDWHGWKLV
QHZFRQFHSW,QDGGLWLRQWKHHIIHFWVRIWKHGLDPHWHUDQGWKLFNQHVVRIWKHSRURXVFRSSHUSODWHDQG
WKHFRQQHFWLRQPHWKRGEHWZHHQ WKHSRURXVFRSSHUSODWHDQGFRSSHU ILQRQ WKHSRROERLOLQJKHDW
WUDQVIHULQWKHSRURXVDUWHU\VWUXFWXUHZHUHLQYHVWLJDWHGDQGWKHLQKHUHQWSK\VLFDOPHFKDQLVPVZHUH
DQDO\]HGDQGGLVFXVVHG 
.H\ZRUGVSRROERLOLQJFULWLFDOKHDWIOX[SRURXVVWUXFWXUHH[SHULPHQW 
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  
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,QWURGXFWLRQ 
$VDKLJKO\HIILFLHQWZD\RIKHDWWUDQVIHUSRROERLOLQJSURFHHGVLQWKHIRUPRIODWHQWKHDWGXULQJ
WKH OLTXLGYDSRUSKDVHFKDQJHZKLFKFDQ WUDQVSRUW D ODUJHDPRXQWRIKHDWZLWK UHODWLYHO\ VPDOO
WHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHKHDWHGVXUIDFHDQGWKHEXONIOXLG6RIDUSRROERLOLQJSOD\VDQ
LPSRUWDQWUROHLQDZLGHUDQJHRIDSSOLFDWLRQVIURPODUJHVFDOHHOHFWULFLW\SRZHUJHQHUDWLRQHQHUJ\
VWRUDJHGHVDOLQDWLRQV\VWHPVDQGUHIULJHUDWLRQDQGDLUFRQGLWLRQLQJXQLWVWRFRPSDFWVPDOOVFDOH
V\VWHPVVXFKDVHOHFWURQLFVFRROLQJVWHULOL]DWLRQDQGFOHDULQJ>@ 
Although pool boiling is a very efficient heat transfer mode, the critical heat flux (CHF) becomes 
a main limiting factor for pool boiling on a plain surface, beyond which the temperature of the 
heated surface will rise suddenly, leading to severe deterioration in the heat transfer performance. 
As the heat flux increases, more and more bubbles are generated at the heated surface, which 
FRDOHVFHWRIRUP³EXEEOHPXVKURRPV´DQGSUHYHQWWKHOLTXLGIURPUHZHWWLQJWKHKHDWed surface. The 
consequence is that a thin vapor film completely enveloping the hot-spot establishes a thermal 
barrier between the heated surface and the bulk fluid, which is also termed as boiling crisis [4]. A 
low CHF is not desirable in practical engineering applications as it would lead to the failure of 
nucleate boiling and the resultant very rapid burn-out of relevant devices to be cooled, which should 
be strictly avoided.  
5HFHQWO\IRUVRPHSDUWLFXODUDSSOLFDWLRQVHVSHFLDOO\LQVRPHFXWWLQJHGJHWHFKQLFDOILHOGVVXFKDV
WKHKLJKSRZHUVROLGODVHUDGYDQFHGPLQLDWXUL]HGKLJKSRZHUHOHFWURQLFVDGYDQFHGQXFOHDUSRZHU
UHDFWRUV KLJKO\ FRQFHQWUDWHG SKRWRYROWDLF DQG UHHQWU\ RI K\SHUVRQLF YHKLFOH WKH KHDW IOX[
JHQHUDWHGLQWKHVHV\VWHPVKDVUHDFKHGVHYHUDOKXQGUHG:DWWVSHUVTXDUHFHQWLPHWHUDQGVWLOONHHSV
DQHYHUJURZLQJWUHQG7KHKHDWIOX[WREHGLVVLSDWHGLVIDUEH\RQGWKH&+)RIQXFOHDWHERLOLQJIRU
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DFRQYHQWLRQDOZRUNLQJIOXLGRQDSODLQVXUIDFHDQGWKHFRROLQJLVVXHKDVXQGRXEWHGO\EHFRPHD
ERWWOHQHFNUHVWULFWLQJWKHIXUWKHUGHYHORSPHQWRIWKHVHSURPLVLQJWHFKQRORJLHV,WLVTXLWHXUJHQWDQG
RIJUHDWLPSRUWDQFHWRVXEVWDQWLDOO\HQKDQFHWKH&+)RIQXFOHDWHERLOLQJZKLFKKDVORQJEHHQD
UHVHDUFKKRWVSRW LQ WKHDUHDRIKHDW WUDQVIHUDQGDWWUDFWV WKH LQWHUHVWRITXLWHD ORWRI UHVHDUFKHUV
ZRUOGZLGH 
([WHQVLYHWKHRUHWLFDODQGH[SHULPHQWDOUHVHDUFKKDVEHHQFRQGXFWHGWRHQKDQFHWKHSRROERLOLQJ
&+)'LIIHUHQWWKHRUHWLFDOPRGHOVRQWKH&+)RISRROERLOLQJKDYHEHHQGHYHORSHG>@DQGPRVW
PRGHOVZHUHGHULYHGIURPWKHK\GURG\QDPLFLQVWDELOLW\PRGHOSURSRVHGE\=XEHUHWDO>@DQG'KLU
HWDO>@7KH\K\SRWKHVL]HGWKDWZKHQWKHYHORFLW\RIHVFDSLQJYDSRUFROXPQVUHDFKHGDWKUHVKROG
YDOXHWKHLQWHUIDFHZDYHRIYDSRUFROXPQVZRXOGEHDIIHFWHGE\WKH5D\OHLJK7D\ORULQVWDELOLW\DQG
.HOYLQ+HOPKROW] LQVWDELOLW\ UHVXOWLQJ IURP WKH LQWHUDFWLRQEHWZHHQQHLJKERULQJYDSRUFROXPQV
6RPH UHVHDUFKHUV GHYRWHG WR UHYLVLQJ WKH K\GURG\QDPLF LQVWDELOLW\ PRGHO EHFDXVH WKLV PRGHO
QHJOHFWHGWKHHIIHFWRIWKHERWWRPKHDWLQJVXUIDFH%DVHGRQWKHK\GURG\QDPLFLQVWDELOLW\PRGHO
UHFHQWVWXGLHVUHJDUGLQJWKHHIIHFWVRIWKHKHDWLQJVXUIDFHFKDUDFWHULVWLFVPDGHVRPHPRGLILFDWLRQV
FRQVLGHULQJWKHVXUIDFHZHWWDELOLW\>@FRQWDFWDQJOH>@DQGFDSLOODU\ZLFNLQJ>@,Q
RUGHUWRVWXG\WKHVHSDUDPHWHUVVRPHRSWLPL]DWLRQPHDVXUHVZHUHSUHVHQWHGVXFKDVXVLQJVXUIDFH
FRDWLQJ>@WRFKDQJHWKHVXUIDFHZHWWDELOLW\DQGFRQWDFWDQJOHDGRSWLQJSRURXVVWUXFWXUHV>
@WRHQKDQFHWKHFDSLOODU\IRUFHDQGXWLOL]LQJQDQRPLFURJURRYHGVXUIDFHV>@WRFKDQJHWKH
PRUSKRORJ\RIWKHKHDWHGVXUIDFH 
,Q SDUWLFXODU WKH HPSOR\PHQW RI SRURXV VWUXFWXUH IRFXVHG RQ FRQWUROOLQJ WKH K\GURG\QDPLF
LQVWDELOLW\ ZDYHOHQJWK E\ FKDQJLQJ WKH FKDUDFWHULVWLF OHQJWK RI SRURXV VWUXFWXUH LQ PLFUR DQG
PLOOLPHWHUVFDOHV>@,WZDVIRXQGWKDWWKHK\GURG\QDPLFLQVWDELOLW\ZDYHOHQJWKZDVUHODWHGWRD
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YDULHW\RIIDFWRUVVXFKDVWKHSRUHVL]HVXUIDFHSRUHGLVWULEXWLRQWKHSLWFKRISRURXVFRQHVVXUIDFH
WHQVLRQRIOLTXLGDQGGHQVLWLHVRIOLTXLGDQGYDSRUHWF$OORIWKHDERYHRSWLPL]DWLRQPHWKRGVFDQ
UHDOL]HDODUJHU&+)FRPSDUHGWRSRROERLOLQJRQDVPRRWKVXUIDFHLQYDU\LQJGHJUHHV)RULQVWDQFH
+ZDQJHWDO>@H[SHULPHQWDOO\H[DPLQHGWKHSRROERLOLQJRQWKLQXQLIRUPSRURXVFRDWLQJVXVLQJ
GLIIHUHQWFRSSHUSDUWLFOHGLDPHWHUVEHWZHHQDQGȝPIDEULFDWLRQVORRVHO\SDFNHGVKDNHQ
RUSUHVVHG DQGSDUWLFOHFKDUDFWHULVWLFV VROLGRUSRURXVSDUWLFOHZLWKFRDWLQJ WKLFNQHVVYDU\LQJ
EHWZHHQDQGSDUWLFOHGLDPHWHUV([SHULPHQWDOUHVXOWVVKRZHGWKDW WKH&+)ZDVHQKDQFHGWR
DERXWWLPHVIRUDOOWKHFRDWLQJVFRPSDUHGZLWKWKDWRQDSODLQVXUIDFH/LHWDO>@FRQGXFWHG
DQH[SHULPHQWDOLQYHVWLJDWLRQRIWKHSRROERLOLQJ&+)DQGKHDWWUDQVIHUFRHIILFLHQW+7&XVLQJ
VHYHUDONLQGVRIXQLIRUPDQGPRGXODWHGSRURXVVWUXFWXUHVPDGHRIVLQWHUHGFRSSHUSDUWLFOHV7KH
PRGXODWHGSRURXVVWUXFWXUHUHDFKHGD&+)RI:FPZKLFKZDVDERXWWLPHVRIWKDWRQD
SODLQVXUIDFH 
+RZHYHUIRUWKHFXUUHQWSRURXVVWUXFWXUHVDSSOLHGLQSRROERLOLQJHQKDQFHPHQWWKHH[LVWHQFHRI
OLTXLGYDSRUFRXQWHUIORZVWLOOOLPLWVWKH&+)WRDODUJHH[WHQW:LWKWKHLQFUHDVHRIKHDWIOX[WKH
HVFDSLQJ EXEEOH ZLOO LPSHGH WKH UHSOHQLVKPHQW RI WKH OLTXLG WR WKH KHDWHG VXUIDFH FDXVLQJ
LQVXIILFLHQW OLTXLG VXSSO\ DQG WKHRFFXUUHQFHRI&+) ,QRUGHU WR DYRLGRU PLWLJDWH WKH DGYHUVH
LQIOXHQFHRIOLTXLGYDSRUFRXQWHUIORZQRYHOSRURXVVWUXFWXUHVVKRXOGEHDGRSWHGWRUHDOL]HIXUWKHU
HQKDQFHPHQWRIWKH&+)RISRROERLOLQJ 
$FFRUGLQJWRWKHDQDO\VLVDERYHDQRYHOSRURXVDUWHU\VWUXFWXUHLVSURSRVHGLQWKLVZRUNEDVHG
RQWKHFRQFHSWRI³SKDVHVHSDUDWLRQDQGPRGXODWLRQ´DLPLQJWRIXUWKHULQFUHDVHWKH&+)RISRRO
ERLOLQJ2ZLQJWRWKHFDSLOODU\SUHVVXUHGHYHORSHGLQWKHSRURXVVWUXFWXUHDGMDFHQWWRWKHKHDWHG
VXUIDFHWKLVQRYHOVWUXFWXUHFDQDFWLYHO\IRUPXODWHWKHIORZSDWKVIRUOLTXLGUHSOHQLVKPHQWWRWKH
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KHDWHGVXUIDFHDQGYDSRUHVFDSLQJIURPWKHKHDWHGVXUIDFHZLWKFRQVLGHUDEO\UHGXFHGOLTXLGYDSRU
FRXQWHUIORZ([WHQVLYHH[SHULPHQWDOVWXGLHVKDYHEHHQFRQGXFWHGWRYDOLGDWHWKLVQHZFRQFHSWDQG
GHVLUDEOHUHVXOWVKDYHEHHQDFKLHYHG7KHPD[LPXPKHDWIOX[XSWR:FPKDVEHHQDFKLHYHG
ZKLFKLVRQO\OLPLWHGE\WKHGHVLJQWHPSHUDWXUHRIWKHFRSSHUKHDWHU,QDGGLWLRQWKHHIIHFWVRIVRPH
UHOHYDQW SDUDPHWHUV RQ WKH SRRO ERLOLQJ KHDW WUDQVIHU LQ WKH SRURXV DUWHU\ VWUXFWXUH DUH DOVR
LQYHVWLJDWHGDQGWKHLQKHUHQWSK\VLFDOPHFKDQLVPVDUHDQDO\]HGDQGGLVFXVVHG 
([SHULPHQWDOV\VWHPDQGGDWDUHGXFWLRQ 
([SHULPHQWDOVHWXS 
)LJXUH VKRZV VFKHPDWLFDOO\ WKH H[SHULPHQWDO V\VWHP LQ WKLV VWXG\ZKLFK LV FRPSRVHGRID
YLVXDOFDPHUDV\VWHPDWUDQVSDUHQWERLOLQJSRRODFRSSHUURGZLWKWKHSRURXVDUWHU\VWUXFWXUHD
KLJKIUHTXHQF\HOHFWURPDJQHWLFKHDWHUDQGDWHPSHUDWXUHPHDVXUHPHQWDQGGDWDDFTXLVLWLRQV\VWHP
7KHZDOORIWKHERLOLQJSRROZDVPDGHRITXDUW]JODVVZLWKDQLQQHUGLDPHWHURIPPDQGKHLJKW
RIPPWRHQDEOHDYLVXDOL]DWLRQVWXG\DQGWKHERWWRPSODWHZDVPDGHRIVWDLQOHVVVWHHOZLWKD
WKLFNQHVVRIPPWRVXSSRUWWKHJODVVZDOO7KHUHZDVDWKURXJKKROHORFDWHGDWWKHFHQWHURIWKH
ERWWRPSODWHWRDOORZWKHFRSSHUURGWRSDVVWKURXJKDQGKHDWWKHZRUNLQJIOXLGGLUHFWO\7KHVPDOO
JDSEHWZHHQWKHFRSSHUURGDQGWKHERWWRPSODWHZDVILOOHGZLWKPL[HGVLOLFRQHPDLQO\IRUVHDOLQJ
SXUSRVHZKLFKFDQDOVRHIIHFWLYHO\UHGXFHWKHWKHUPDOFRQGXFWLRQIURPWKHFRSSHUURGWRWKHERWWRP
SODWH:DWHUZDVVHOHFWHGDVWKHZRUNLQJIOXLGDQGWKHERLOLQJSRROZDVGLUHFWO\RSHQWRWKHDPELHQW
XQGHUZKLFKFRQGLWLRQWKHZRUNLQJIOXLGVKRXOGEHDOZD\VXQGHUWKHVWDQGDUGDWPRVSKHULFSUHVVXUH
ZLWK D FRQVWDQW VDWXUDWLRQ WHPSHUDWXUHRI ć$ KLJK IUHTXHQF\ HOHFWURPDJQHWLF KHDWHU ZDV
HPSOR\HGWRSURYLGHYHU\KLJKKHDWIOX[ZKRVHRXWSXWSRZHUFDQEHFRQWLQXRXVO\DGMXVWHGZLWKLQ
WKHUDQJHRIN: 
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  ,QWKHH[SHULPHQWWhe upper and lower parts of the copper rod were an entity, and the upper part 
was not interchangeable. 7KHORZHUSDUWRIWKHFRSSHUURGKDGDFRQVWDQWGLDPHWHURIPPDQGD
FRQVWDQWKHLJKWRIPPZKLOHWKHXSSHUSDUWKDGDFRQVWDQWKHLJKWRIPPThere were four 
test samples each with a different upper-part diameter, to match the varying diameter of the 
microporous copper plate. 7KHUHZHUHWRWDOO\WKUHHKROHVZLWKDGHSWKRIPPLQWKHVLGHVXUIDFH
RIWKHXSSHUSDUWRIWKHFRSSHUURGZKHUHWKUHHW\SH.WKHUPRFRXSOHVZHUHIL[HGWLJKWO\DVVKRZQ
LQ )LJ  )LJXUH  VKRZV WKH SRURXV DUWHU\ VWUXFWXUH SURSRVHG LQ WKLV ZRUN ZKHUH PXOWLSOH
UHFWDQJXODUDUWHULHVZHUHPDFKLQHGGLUHFWO\LQWKHWRSVXUIDFHRIWKHFRSSHUURGDQGDPLFURSRURXV
FRSSHUSODWHZDVVLQWHUHGGLUHFWO\RQWKHWRSVXUIDFHRIWKHILQVZLWKDKLJKWHPSHUDWXUHRIDERXW
ć IRURQHKRXU)LJVKRZVWKH6(0SKRWRRIWKHPLFURSRURXVFRSSHUSODWHLQZKLFKWKH
PHVKFRXQWRIWKHSRURXVSODWHLVFRUUHVSRQGLQJWRWKHSDUWLFOHGLDPHWHUUDQJHRIȝP
7KH WHPSHUDWXUH PHDVXUHPHQW DQG GDWD DFTXLVLWLRQ V\VWHP ZHUH FRPSRVHG RI WKUHH W\SH .
WKHUPRFRXSOHVDQGDQ$JLOHQW$'DWD$FTXLVLWLRQ6\VWHPZKLFKZDVXVHG WRPRQLWRU WKH
WHPSHUDWXUHFKDQJHDWDQLQWHUYDORIV7KH$JLOHQW$ZDVOLQNHGWRDFRPSXWHUIRUGDWD
GLVSOD\DQGVWRUDJH7DEOHVKRZVWKHEDVLFSDUDPHWHUVRIWKHSRURXVDUWHU\VWUXFWXUH 
'DWDUHGXFWLRQDQGXQFHUWDLQW\DQDO\VLV 
  $WDVWHDG\VWDWHWKHWHPSHUDWXUHJUDGLHQWLQWKHD[LDOGLUHFWLRQRIWKHFRSSHUURGG7GVKHDW
IOX[TVXSHUKHDW¨7DQGWKHERLOLQJKHDWWUDQVIHUFRHIILFLHQWKFDQEHFDOFXODWHGWKURXJKWKH
IROORZLQJHTXDWLRQVUHVSHFWLYHO\ 
7KHWHPSHUDWXUHJUDGLHQWZDVHVWLPDWHGXVLQJ7D\ORU¶VEDFNZDUGVHULHVDSSUR[LPDWLRQ 
G7
GV  
77&77&77&
V                                
ZKHUH 77& 77& 77& UHSUHVHQW WKH WHPSHUDWXUH GDWD REWDLQHG IURP WKH WKUHH WKHUPRFRXSOHV
UHVSHFWLYHO\DQGVLVWKHGLVWDQFHEHWZHHQWKHPHDVXUHPHQWSRLQWV7&DQG7& 
7KHKHDWIOX[DWWKHKHDWHGVXUIDFHZDVFDOFXODWHGXVLQJWKH)RXULHU
VODZRIKHDWFRQGXFWLRQ 
 ݍ ൌ െȜ G7GV                                   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ZKHUHȜLVWKHWKHUPDOFRQGXFWLYLW\RIFRSSHU 
2QFHWKHKHDWIOX[ZDVDFTXLUHGWKHVXSHUKHDWDQGKHDWWUDQVIHUFRHIILFLHQWFDQEHFDOFXODWHGDV
IROORZV 
 ο7 7Z7V 77& TVȜ 7V                             
K T¨7                                     
ZKHUH7ZLVWKHWHPSHUDWXUHRIWKHKHDWHGVXUIDFHDQG7VLVWKHVDWXUDWLRQWHPSHUDWXUHRIZDWHUDW
RQHDWPRVSKHULFSUHVVXUH 
,QGLYLGXDOVWDQGDUGXQFHUWDLQWLHVZHUHFRQVLGHUHGWRHVWLPDWHWKHVWDQGDUGGHYLDWLRQRIWKHUHVXOWV
ZKLFKZHUHFDOFXODWHGXVLQJDVWDQGDUGDSSURDFKDVIROORZV 
¨T ටʹ¨7 ቀ ɉVቁ¨ ቂɉሺ77&77&ሻ ቃ                      
¨¨7 ට¨7 Tɉ ¨V Vɉ ¨T                           
¨K ට Tሺ¨7ሻ¨¨7  ¨Tሺ¨7ሻ                            
7KHXQFHUWDLQW\RIWKHWHPSHUDWXUHPHDVXUHPHQW¨T) through the thermocouples was about ± 0.5 °C, 
and the uncertainty of the distance between adjacent WKHUPRFRXSOHORFDWLRQV¨s) was approximately 
± 0.20 mm. The relative uncertainty of the heat flux was found less than 3.0% when the heat flux 
was larger than 100 W/cm2. The maximum uncertainty for the heat transfer coefficient was 
calculated to be less than 5.0% in all cases. The copper rod was enveloped by high temperature 
thermal insulation materials (asbestos fiber) with a thickness larger than 6.0 cm, whose thermal 
conductivity is below 0.1 W/ (m K), to reduce the heat loss from the surface of the copper rod to the 
ambient surroundings. The total heat loss from the copper rod to the environment was estimated to 
be within 4.0%. 
([SHULPHQWDOUHVXOWVDQGGLVFXVVLRQV 
8 
 
7HPSHUDWXUHGDWDDQGYLVXDOL]DWLRQVWXG\ 
)LJXUHVKRZVWKHWHPSHUDWXUHFKDQJHVRIWKHWKUHHWKHUPRFRXSOHVDWWDFKHGRQWKHXSSHUSDUWRI
WKHFRSSHUURGLQDQH[SHULPHQWDOWHVWDQG)LJVKRZVWKHOLTXLGYDSRUGLVWULEXWLRQDQGPRYHPHQW
IRUSRROERLOLQJLQWKHSRURXVDUWHU\VWUXFWXUHZLWKGLIIHUHQWKHDWIOX[HV,Q)LJVDQGWKHGLDPHWHU
RIWKHXSSHUSDUWRIWKHFRSSHUURGZDVPPDQGWKHWKLFNQHVVRIWKHSRURXVFRSSHUSODWHZDV
PP  
,Q)LJWKHSRZHURXWSXWRIWKHHOHFWURPDJQHWLFKHDWHUZDVILUVWVHWDWDIL[HGYDOXHDQGZKHQ
WKHWKHUPRFRXSOHWHPSHUDWXUHVEHFDPHVWDEOHIRUDZKLOHLHDERXWPLQXWHVWKHSRZHURXWSXW
ZDVDGMXVWHGWRDKLJKHUOHYHOThe heat flux in Fig. 4 was calculated based on equation (1) when 
the three thermocouples (TC1, TC2 and TC3) reached a stable state. $VVKRZQLQ)LJZLWK
WKHLQFUHDVHRIWKHSRZHURXWSXWRIWKHHOHFWURPDJQHWLFKHDWHUWKHWHPSHUDWXUHGLIIHUHQFHVEHWZHHQ
7&DQG7&DQGEHWZHHQ7&DQG7&ERWKEHFDPHODUJHUDFFRUGLQJO\LQGLFDWLQJDODUJHUKHDW
IOX[DORQJWKHD[LDOGLUHFWLRQRIWKHFRSSHUURGDFFRUGLQJWRHTXDWLRQ:KHQWKHKHDWIOX[ZDV
EHORZ:FPWKHWHPSHUDWXUHVRIWKHWKUHHWKHUPRFRXSOHVFRXOGUHDFKDVWHDG\VWDWHTXLFNO\
KRZHYHUZKHQWKHKHDWIOX[ZDVIXUWKHU LQFUHDVHGWRDYDOXHDOLWWOH ODUJHU WKDQ:FP WKH
WKHUPRFRXSOHWHPSHUDWXUHVURVHYHU\VKDUSO\LQGLFDWLQJWKDWERLOLQJFULVLVVKRXOGRFFXU8QGHUWKLV
FRQGLWLRQWKHHOHFWURPDJQHWLFKHDWHUPXVWEHVZLWFKHGRIILPPHGLDWHO\RWKHUZLVHWKHKHDWHUZRXOG
EHEXUQWRXW 
)URP)LJDDQGELWFDQEHFOHDUO\REVHUYHGWKDWZLWKUHODWLYHO\VPDOOKHDWIOX[HVLH
DQG:FPWKHEXEEOHVJHQHUDWHGDWWKHKHDWHGVXUIDFHHVFDSHGIURPWKHWZRHQGVRIWKHDUWHULHV
ZLWKRXWPXWXDOLQWHUDFWLRQDQGLPSDFW8QGHUWKLVFRQGLWLRQWKHOLTXLGUHSOHQLVKPHQWWRWKHKHDWHG
VXUIDFHZDVPDLQO\IURPWKHWRSVXUIDFHRIWKHPLFURSRURXVVWUXFWXUHZKLOHWKHYDSRUYHQWLQJIURP
WKHKHDWHGVXUIDFHZDVWKURXJKWKHPXOWLSOHDUWHULHVWRWKHERLOLQJSRROZKLFKVXFFHVVIXOO\YDOLGDWHG
WKHFRQFHSWRI³SKDVHVHSDUDWLRQDQGPRGXODWLRQ´  
$WPRGHUDWHKHDWIOX[HVLHDQG:FPLQ)LJVFDQGGPRUHDQGPRUHYDSRUZDV
JHQHUDWHGDWWKHKHDWHGVXUIDFHDQGDUHODWLYHO\ODUJHYDSRUFROXPQH[LVWHGDWHDFKHQGRIWKHDUWHULHV
$OWKRXJK WKH WZRYDSRUFROXPQV VZXQJYLROHQWO\DW WZRVLGHVRI WKHSRURXVSODWH WKH\GLGQRW
LQWHUDFWZLWKHDFKRWKHU8QGHUWKLVFRQGLWLRQLWZDVVWLOOHDV\WRDFKLHYHOLTXLGVXSSO\WRWKHKHDWHG
VXUIDFHDQGYDSRUYHQWLQJIURPWKHKHDWHGVXUIDFHLQWKLVSRURXVDUWHU\VWUXFWXUH+RZHYHUDWODUJH
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KHDWIOX[HVLH:FPLQ)LJHEHFDXVHVRPXFKYDSRUZDVJHQHUDWHGDWWKHKHDWHGVXUIDFH
WKDWWKHWZRYDSRUFROXPQVDWWKHWZRVLGHVRIWKHSRURXVSODWHFRDOHVFHGDQGDPXVKURRPOLNH
YDSRUVOXJZDVORFDWHGRYHUWKHSRURXVFRSSHUSODWHZKLFKZRXOGDGYHUVHO\DIIHFWWKHOLTXLGVXSSO\
IURPWKHWRSVXUIDFHRIWKHSRURXVVWUXFWXUHWRVRPHH[WHQW:KHQWKHKHDWIOX[ZDVIXUWKHULQFUHDVHG
WRDQHYHQKLJKHUYDOXH WKHJHQHUDWHGYDSRUZRXOGHQYHORSWKHZKROHSRURXVFRSSHUSODWHDQG
XQGHU ZKLFK FRQGLWLRQ WKH OLTXLG UHSOHQLVKPHQW WR WKH KHDWHG VXUIDFH ZRXOG EH FRPSOHWHO\
LPSRVVLEOHFRUUHVSRQGLQJWRWKHRFFXUUHQFHRIWKH&+)DVVKRZQLQ)LJI%HFDXVHWKHKHDW
JHQHUDWHGLQWKHFRSSHUURGZDVGLIILFXOWWREHWUDQVIHUUHGWRWKHZRUNLQJIOXLGWKHWKHUPRFRXSOH
WHPSHUDWXUHVURVHYHU\VKDUSO\DVVKRZQLQ)LJZKLFKZRXOGFDXVHVHULRXVDFFLGHQWLQSUDFWLFDO
DSSOLFDWLRQV 
&RPSDULVRQZLWKGLIIHUHQWFDVHV 
  )LJXUHVKRZVWKHVXSHUKHDWGHSHQGHQFHRIWKHKHDWIOX[IRUSRROERLOLQJZLWKGLIIHUHQWFDVHV
being as 1) a plain surface, 2) a surface with only rectangular channels and 3) a surface with both 
rectangular arteries and a microporous layer, together with a well-known nucleate boiling 
correlation, i.e., the Rohsenow correlation,Q)LJWKHZLGWKDQGGHSWKRIWKHUHFWDQJXODUFKDQQHO
ZHUHDQGPPUHVSHFWLYHO\DQGWKHWKLFNQHVVDQGGLDPHWHURIWKHPLFURSRURXVFRSSHUSODWH
ZHUHDQGPPUHVSHFWLYHO\,QWKHRohsenow correlationWKHIOXLGVXUIDFHFRQVWDQW&VIZDV
VHWDVIRUWKHFRPELQDWLRQRIZDWHURQSROLVKHGFRSSHUDVVXJJHVWHGE\9DFKRQ1L[DQG
7DQJRU 
  $FFRUGLQJWR)LJWKHSRROERLOLQJKHDWWUDQVIHUSHUIRUPDQFHRQDSODLQVXUIDFHSUHGLFWHGE\
WKHRohsenow correlationLVREYLRXVO\EHWWHUWKDQWKHH[SHULPHQWDOUHVXOWVLQWKLVZRUNZKHQWKH
VXSHUKHDWLVUHODWLYHO\ODUJHLHJUHDWHUWKDQćWKDWLVPDLQO\EHFDXVH&VI LVDQHPSLULFDO
YDOXH DQG LW LV YHU\ GLIILFXOW WR GHWHUPLQH DQ DFFXUDWH YDOXH IXOO\ DFFRXQWLQJ IRU WKH
PLFURPRUSKRORJ\ RI WKH KHDWLQJ VXUIDFH )RU WKH SRRO ERLOLQJ RQ D SODLQ VXUIDFH ZLWK RQO\
UHFWDQJXODUFKDQQHOVWKHKHDWWUDQVIHUSHUIRUPDQFHLVPXFKEHWWHUWKDQWKDWRQDSODLQVXUIDFHGXH
WRREYLRXVO\H[WHQGHGKHDWWUDQVIHUDUHDDQGWKHVOLJKWFDSLOODU\DFWLRQGHYHORSHGLQWKHFKDQQHOV
:KLOHIRUWKHSRURXVDUWHU\VWUXFWXUHLWSRVVHVVHVWKHEHVWSRROERLOLQJKHDWWUDQVIHUSHUIRUPDQFH
ZKLFK FDQ DFKLHYH D VLJQLILFDQWO\ HQKDQFHG &+) VHYHUDO WLPHV RI WKDW RQ D SODLQ VXUIDFH DV
HYLGHQFHGE\WKHH[SHULPHQWDOUHVXOWV  
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  5HSHDWDELOLW\WHVWLVUHDOO\LPSRUWDQWLQWKHH[SHULPHQWDOVWXG\RISRROERLOLQJ,QIDFWWKHDXWKRUV
KDYHFRQGXFWHGPXOWLSOHWHVWVIRUSRROERLOLQJLQWKHSRURXVDUWHU\VWUXFWXUHZLWKVSHFLILFVWUXFWXUDO
SDUDPHWHUV ,W LV IRXQG WKDW WKH UHSHDWDELOLW\ LVQRWJRRG IRU WKLVH[SHULPHQWDO V\VWHP7KHSRRO
ERLOLQJSHUIRUPDQFHLQWKHSRURXVDUWHU\VWUXFWXUHIRUWKHILUVWWHVWZDVWKHEHVWKRZHYHULWEHFDPH
ZRUVHDQGZRUVHZLWKVXEVHTXHQWUHSHDWDELOLW\WHVWV7KHDXWKRUVWKLQNWKHSRROERLOLQJSHUIRUPDQFH
GHJUDGDWLRQLVPDLQO\FDXVHGE\WKHR[LGDWLRQDFWLRQRIWKHPLFURSRURXVFRSSHUSODWHEHFDXVHWKH
H[SHULPHQW LV FRQGXFWHG LQ DQ RSHQ HQYLURQPHQW ZKHUH R[\JHQ GLVVROYHG LQ WKH ZDWHU ZLOO
LQHYLWDEO\UHDFWFKHPLFDOO\ZLWKWKHFRSSHUSDUWLFOH$GLUHFWHYLGHQFHLVWKDWWKHPLFURSRURXVFRSSHU
SODWHJUDGXDOO\FKDQJHGIURPWKHLQLWLDO\HOORZFRORUWREODFNDVWKHUHSHDWDELOLW\WHVWVSURFHHGHG
:KHQFRSSHUR[LGHLVSURGXFHGDWWKHRXWHUVXUIDFHRIWKHFRSSHUSDUWLFOHLWZLOOSRVHDQDGYHUVH
HIIHFWRQWKHSRROERLOLQJKHDWWUDQVIHUSHUIRUPDQFHRQRQHKDQGLWVWKHUPDOFRQGXFWLYLW\LVIDU
VPDOOHUWKDQWKDWRISXUHFRSSHUOHDGLQJWRLQFUHDVHGWKHUPDOUHVLVWDQFHLQKHDWFRQGXFWLRQRQHWKH
RWKHUKDQGLWZLOOUHGXFHWKHSRUHVL]HRIWKHSRURXVSODWHDQGUHVXOWLQLQFUHDVHGIORZUHVLVWDQFH 
(IIHFWRIWKHGLDPHWHURISRURXVSODWH 
)LJXUHVKRZVWKHVXSHUKHDWGHSHQGHQFHRIWKHKHDWIOX[ZLWKGLIIHUHQWGLDPHWHUVRIWKHFRSSHU
SRURXVSODWH,Q)LJWKHWKLFNQHVVRIWKHSRURXVSODWHZDVNHSWDWPPDQGWKHGLDPHWHURIWKH
SRURXVSODWHZDVVHOHFWHGDVDQGPPLQVHTXHQFH  
  ,Q)LJIRUWKHSRURXVDUWHU\VWUXFWXUHZLWKIL[HGGLDPHWHUDQGWKLFNQHVVRIWKHSRURXVSODWHWKH
VXSHUKHDWGHSHQGHQFHRI WKHKHDWIOX[H[KLELWHGYHU\VLPLODU WUHQGV WKHKHDWIOX[ILUVW LQFUHDVHG
TXLFNO\ZLWKWKHLQFUHDVHRIWKHVXSHUKHDWDQGDIWHUUHDFKLQJDFHUWDLQYDOXHLWEHJDQWRLQFUHDVH
PXFKVORZO\FRUUHVSRQGLQJWRPXFKUHGXFHGERLOLQJKHDWWUDQVIHUSHUIRUPDQFH7KLVSKHQRPHQRQ
VKRXOGEHDWWULEXWHGWRLPSHUIHFWFRQWDFWEHWZHHQWKHFRSSHUSRURXVSODWHDQGWKHILQVDWWKHWRS
VXUIDFHRIWKHFRSSHUURGDVVFKHPDWLFDOO\VKRZQLQ)LJ%HFDXVHWKHVXUIDFHRIWKHFRSSHUSRURXV
SODWHFDQQRWEHDEVROXWHO\IODWWKHUHH[LVWHGVHYHUDOVXEPLOOLPHWHUVFDOHJDSVEHWZHHQWKHFRSSHU
SRURXVSODWHDQGWKHFRSSHUILQDOWKRXJKWKH\ZHUHVLQWHUHGWRJHWKHUKHUH$WVPDOODQGPRGHUDWH
KHDWIOX[HVWKHYDSRUYHORFLW\LQWKHDUWHULHVZDVUHODWLYHO\VPDOODQGWKHSUHVVXUHGURSRIWKHYDSRU
IORZLQWKHDUWHULHVZDVQRWODUJHDFFRUGLQJO\8QGHUWKLVFRQGLWLRQOLTXLGYDSRUWZRSKDVHZRUNLQJ
IOXLGFDQVWLOOH[LVWLQWKHJDSVEHWZHHQWKHFRSSHUSRURXVSODWHDQGWKHILQVRIWKHFRSSHUURGDQG
WKHFDSLOODU\SUHVVXUHGHYHORSHGDWWKHOLTXLGYDSRULQWHUIDFHZDVHQRXJKWRGULYHWKHYDSRUWRIORZ
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RXWRIWKHDUWHULHV  
+RZHYHUZLWKIXUWKHULQFUHDVHRIWKHKHDWIOX[PRUHDQGPRUHYDSRUZDVJHQHUDWHGUHVXOWLQJLQ
LQFUHDVHG YDSRU YHORFLW\ DQG SUHVVXUH GURS LQ WKH DUWHULHV 8QGHU VXFK D FRQGLWLRQ WKH VPDOO
FDSLOODU\SUHVVXUHGHYHORSHGLQWKHJDSVEHWZHHQWKHFRSSHUSRURXVSODWHDQGWKHFRSSHUILQVZRXOG
EHFRPHLQVXIILFLHQWWRGULYHWKHYDSRUIORZDQGWKHOLTXLGLQWKHJDSVUHFHGHGLQWRWKHFRSSHUSRURXV
SODWHZKHUHPXFKODUJHUFDSLOODU\SUHVVXUHFDQEHGHYHORSHGDWWKHOLTXLGYDSRULQWHUIDFHWRGULYH
WKHYDSRUIORZ%HFDXVHWKHJDSVZHUHWRWDOO\RFFXSLHGE\WKHYDSRUZKRVHWKHUPDOFRQGXFWLYLW\LV
YHU\VPDOO WKHKHDW WUDQVIHUIURPWKHFRSSHUILQVWRWKHOLTXLGYDSRULQWHUIDFHZLWKLQWKHFRSSHU
SRURXV SODWH ZDV PDLQO\ WKURXJK WKH FRQGXFWLRQ RI WKH FRSSHU SDUWLFOHV GLUHFWO\ FRQWDFWLQJ WKH
FRSSHUILQVOHDGLQJWRDGGLWLRQDOWKHUPDOUHVLVWDQFHDQGPXFKUHGXFHGKHDWWUDQVIHUSHUIRUPDQFH
DVHYLGHQFHGLQ)LJ 
6RPHRQHPD\DVFULEHWKHFKDQJHLQWKHERLOLQJFXUYHVORSHto the transition from nucleate boiling 
regime to the transitional boiling regime instead of the bad contact analyzed above. The authors do 
not agree with this viewpoint, based RQWKHIROORZLQJWZRUHDVRQV)LUVWDFFRUGLQJWRWKHFODVVLF
SRRO ERLOLQJ WKHRU\ LQ WKH WUDQVLWLRQDO ERLOLQJ UHJLPH WKH KHDW IOX[ GHFUHDVHV ZLWK LQFUHDVLQJ
VXSHUKHDWHGGHJUHH+RZHYHULQRXUH[SHULPHQWVWKHKHDWIOX[DOZD\VLQFUHDVHVZLWKLQFUHDVLQJ
VXSHUKHDWHGGHJUHHDOWKRXJKWKHERLOLQJFXUYHVORSHREYLRXVO\EHFRPHVVPDOOHUDIWHUWKHWXUQLQJ
SRLQWDWKLJKKHDWIOX[HV6HFRQGDWYHU\KLJKKHDWIOX[HVDIWHU WKHWXUQLQJSRLQW WKHOLTXLGDQG
YDSRU IORZ SDWKV LQ WKH SRURXV DUWHU\ VWUXFWXUH DUH VWLOO QRUPDO DV H[SHFWHG LH WKH OLTXLG LV
UHSOHQLVKHGIURPWKHWRSVXUIDFHRIWKHPLFURSRURXVFRSSHUSODWHWRWKHOLTXLGYDSRULQWHUIDFHDQG
YDSRUJHQHUDWHGLQWKHPLFURSRURXVVWUXFWXUHHVFDSHVIURPWKHYDSRUFKDQQHOVWRWKHERLOLQJSRRO
1RDQ\LQGLFDWLRQIRUWKHWUDQVLWLRQDOERLOLQJUHJLPHFDQEHREVHUYHG 
)LJXUHVKRZVWKDWODUJHUGLDPHWHURIWKHFRSSHUSRURXVSODWHOHDGVWRORZHUSRROERLOLQJKHDW
WUDQVIHUSHUIRUPDQFHXQGHUWKHVDPHVXSHUKHDWHVSHFLDOO\ZKHQWKHVXSHUKHDWLVODUJHUWKDQć
)RULQVWDQFHZKHQWKHGLDPHWHURIWKHFRSSHUSRURXVSODWHZDVDQGPPWKHKHDWIOX[
FRXOGUHDFKDQG:FPLQVHTXHQFHZLWKWKHVDPHVXSHUKHDWRIćZKLFK
H[KLELWHGDQREYLRXVGHFUHDVLQJWUHQG,QDGGLWLRQWKHVPDOOHUWKHGLDPHWHURIWKHFRSSHUSRURXV
SODWHWKHODUJHUWKHKHDWIOX[DWWKHWXUQLQJSRLQWRIWKHFXUYHLQ)LJ7KHH[SHULPHQWDOUHVXOWV
VHHPHGUHDVRQDEOH$VWKHPD[LPXPDUWHU\OHQJWKZDVHTXDOWRWKHGLDPHWHURIWKHFRSSHUSRURXV
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SODWHODUJHUGLDPHWHURIWKHFRSSHUSRURXVSODWHZLOOFDXVHDQLQFUHDVHRIWKHYDSRUIORZUHVLVWDQFH
LQWKHDUWHULHVDQGWKHYDSRUIURQWZLOOUHFHGHZLWKLQWKHFRSSHUSRURXVSODWHUHVXOWLQJLQLQFUHDVHG
FRQGXFWLRQWKHUPDOUHVLVWDQFHDQGUHGXFHGERLOLQJKHDWWUDQVIHUSHUIRUPDQFH,WVKRXOGEHRIQRWH
WKDWthe last data point on each curve in Fig. 7 does not correspond to the data point just before 
the CHF. In most cases, the experiments were terminated for safety consideration because the 
temperature at the bottom part of the copper rod became rather high, sometimes nearly 
approaching 800 ć. To reach the true CHF for the porous artery structure, improved heater 
design is still needed. 
(IIHFWRIWKHWKLFNQHVVRISRURXVSODWH 
)LJXUHVKRZVWKHVXSHUKHDWGHSHQGHQFHRIWKHKHDWIOX[ZLWKGLIIHUHQWWKLFNQHVVHVRIWKHFRSSHU
SRURXVSODWH,Q)LJWKHGLDPHWHURIWKHSRURXVSODWHZDVNHSWDWPPDQGWKHWKLFNQHVVRIWKH
SRURXVSODWHZDVVHOHFWHGDVDQGPPLQVHTXHQFH 
)LJXUH  FOHDUO\ VKRZV WKDW ZLWK WKH LQFUHDVH RI WKH WKLFNQHVV RI WKH FRSSHU SRURXV SODWH
VLJQLILFDQWLPSURYHPHQWLQWKHSRROERLOLQJ&+)FDQEHDFKLHYHG,Q)LJZKHQWKHWKLFNQHVVRI
WKH SRURXV SODWH ZDV PP DQG PP WKH PD[LPXP KHDW IOX[ UHDFKHG  DQG  :FP
UHVSHFWLYHO\+RZHYHUWKHVHYDOXHVGLGQRWUHDFKWKH&+)ZKLFKZDVRQO\OLPLWHGE\WKHPD[LPXP
DOORZDEOHWHPSHUDWXUHRIWKHFRSSHUKHDWHU)RUVHFXULW\UHDVRQWKHPD[LPXPWHPSHUDWXUHRIWKH
FRSSHUURGZDVOLPLWHGE\&LQDOOWKHH[SHULPHQWV6RLQWKHH[SHULPHQWVZLWKWKHSRURXVSODWH
WKLFNQHVVRIPPDQGPPZHGLGQRWREVHUYHWKHRFFXUUHQFHRIWKH&+)LHWKHSRURXVSODWH
ZDV WRWDOO\ HQYHORSHG E\ YDSRU DV VKRZQ LQ )LJ I DERYH7KLV UHVXOW ZHOO DJUHHG ZLWK WKH
H[SHULPHQWDO GDWD IURP /L HW DO >@ ZKHUH FRSSHUZLUH PHVKZLWKXQLIRUP WKLFNQHVVZDV
XWLOL]HG WR HQKDQFH WKH&+) RI SRRO ERLOLQJ DQG WKH&+) ZDV IRXQG WR LQFUHDVH LQLWLDOO\ ZLWK
LQFUHDVLQJSRURXVFRDWLQJWKLFNQHVVZKHQWKHYROXPHWULFSRURVLW\DQGPHVKVL]HZHUHKHOGFRQVWDQW
7KHFDXVHIRU&+)LQFUHDVHVZLWKLQFUHDVLQJWKLFNQHVVRIFRQGXFWLYHSRURXVFRDWLQJVZDVEHOLHYHG
WREHWKHDXJPHQWDWLRQRIWKHHIIHFWLYHKHDWWUDQVIHUDUHDDQGWKHUHGXFWLRQLQWKHIORZUHVLVWDQFHLQ
WKHKRUL]RQWDOGLUHFWLRQEHFDXVHRIWKHLQFUHDVHRIWKHIORZDUHDIRUWKHOLTXLGSKDVH,WVKRXOGEHRI
QRWHWKDWIRUWKHERLOLQJKHDWWUDQVIHUWHVWVZLWKGLIIHUHQWGLDPHWHUVLHDQGPPWKHERLOLQJ
FXUYHVVKRZHGYHU\VLPLODUWUHQGVWRWKDWVKRZQLQ)LJ 
6RIDUXVLQJPLFURSRURXVVXUIDFHVWRHQKDQFHWKHSRROERLOLQJ&+)KDVEHFRPHDQDWWUDFWLYH
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PHWKRGDQGVHYHUDOVLPLODUPHWKRGVKDYHDOUHDG\EHHQUHSRUWHG$WWKHVDPHWLPHdifferent theories 
for the CHF of microporous surfaces have been suggested, including the viscous-capillary model, 
hydrodynamic instability model, and the dry-out of the porous coatings, etc. In general, all these 
theories account for some aspects of the pool boiling phenomena. The hydrodynamic instability 
model is mainly responsible for the bulk liquid/vapor two-phase fluid above the heated surface, i.e., 
independent of the thickness of the microporous coatings; while the viscous-capillary model and 
the dry-out of the porous coatings are mainly responsible for the heated surface. Therefore, a perfect 
unified theory currently is still not available, and a comprehensive understanding on the CHF 
mechanism for the microporous surfaces is crucial.  
/LHWDO>@DGRSWHGDXQLIRUPWKLFNQHVVSRURXVVWUXFWXUHWRHQKDQFHWKHSRROERLOLQJ&+)
DQGWKHPD[LPXPYDOXHDOLWWOHODUJHUWKDQ:FPZDVDFKLHYHGZLWKDQRSWLPXPWKLFNQHVVRI
WKHSRURXVVWUXFWXUH7KHHQKDQFHPHQWPHFKDQLVPLVPDLQO\WKHUHGXFWLRQLQWKHKHDWIOX[GHQVLW\
RQWKHKHDWHGZDOOGXHWRWKHILQHIIHFWDQGWKHLPSURYHGOLTXLGVXSSO\UHVXOWLQJIURPWKHFDSLOODU\
LQGXFHGIORZ)RUWKHSRURXVVWUXFWXUHZLWKDXQLIRUPWKLFNQHVVWKHWKLFNQHVVVKRXOGEHVPDOOHU
WKDQWKHEXEEOHGHSDUWXUHGLDPHWHURWKHUZLVHLWZLOOLPSHGHWKHYDSRUHVFDSHFDXVLQJUHGXFHGSRRO
ERLOLQJKHDWWUDQVIHUSHUIRUPDQFHDQGUHGXFWLRQLQWKH&+)/LHWDO>@HPSOR\HGDPRGXODWHG
SRURXVVWUXFWXUHWRHQKDQFHWKHSRROERLOLQJKHDWWUDQVIHUDQGDPD[LPXP&+)RIDERXW:FP
ZDVDFKLHYHG In order to reduce the large surface superheat (>100) for pool boiling at very high 
heat fluxes, some innovative work has been carried out by Ha and Graham [48] where multiple 
channels were fabricated into the microporous structure to allow vapor escape. An obvious 
enhancement in the CHF and heat transfer coefficient was achieved, allowing CHF greater than 350 
W/cm2 at a superheat less than 50 &. For the researches by /LHWDO>@DQGGraham [48], WKH
HQKDQFHPHQWPHFKDQLVPLVPDLQO\WKHPRGXODWLRQRIOLTXLGYDSRUSDWKZD\WRGHOD\WKH5D\OHLJK
7D\ORULQVWDELOLW\EHVLGHVWKHH[WHQGHGKHDWWUDQVIHUDUHDDQGLPSURYHGOLTXLGVXSSO\,QWKLVZRUN
DQ HYHQ KLJKHU SRRO ERLOLQJ &+) LQ WKH SRURXV DUWHU\ VWUXFWXUH ZDV DFTXLUHG WKDW ZDV PDLQO\
EHFDXVH LW FDQ PRGXODWH the liquid/vapor pathway with a much stronger capability due to this 
innovative structure design.  
(IIHFWRIFRQQHFWLRQPHWKRGEHWZHHQSRURXVSODWHDQGFRSSHUILQ 
+HUHZHDOVRFRPSDUHGWKHHIIHFWRIWKHFRQQHFWLRQPHWKRGEHWZHHQWKHFRSSHUSRURXVSODWHDQG
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WKH FRSSHU ILQ RQ WKH SRRO ERLOLQJ SHUIRUPDQFH ZKHUH WKH GLDPHWHUV RI WKH SRURXV SODWH ZHUH
VHOHFWHGDVPPDQGPPUHVSHFWLYHO\7ZRFRQQHFWLRQPHWKRGVKDYHEHHQWHVWHGRQHW\SHRIWKH
FRQQHFWLRQZDVE\VLOYHUEUD]LQJDQGWKHRWKHULVE\VLQWHULQJDWDWHPSHUDWXUHRIć IRURQH
KRXU7KH WZRGLIIHUHQW FRQQHFWLRQPHWKRGV DIIHFWHG WKHSRRO ERLOLQJ KHDW WUDQVIHUSHUIRUPDQFH
VLJQLILFDQWO\DVVKRZQLQ)LJ  
  ,Q)LJZKHQWKHFRSSHUSRURXVSODWHZDVFRQQHFWHGWRWKHFRSSHUILQE\VLOYHUEUD]LQJWKH
KHDWIOX[DOZD\VLQFUHDVHGTXLFNO\ZLWKLQFUHDVLQJVXSHUKHDWDQGQRREYLRXVGHWHULRUDWLRQLQWKH
ERLOLQJKHDWWUDQVIHUSHUIRUPDQFHRFFXUUHGKRZHYHUZKHQWKHFRSSHUSRURXVSODWHZDVFRQQHFWHG
WRWKHFRSSHUILQE\WKHVLQWHULQJPHWKRGDQREYLRXVWXUQLQJSRLQWRQWKHKHDWIOX[FXUYHFRXOGEH
REVHUYHG DW UHODWLYHO\ ODUJH VXSHUKHDW DQG VLJQLILFDQW GHWHULRUDWLRQ LQ WKH ERLOLQJ KHDW WUDQVIHU
SHUIRUPDQFHZDVREVHUYHGDWKLJKKHDWIOX[HV$VLOOXVWUDWHGLQ)LJWKHGHWHULRUDWLRQLQWKHSRRO
ERLOLQJKHDWWUDQVIHUSHUIRUPDQFHVKRXOGEHFDXVHGE\LPSHUIHFWFRQWDFWEHWZHHQWKHFRSSHUSRURXV
SODWHDQG WKHFRSSHU ILQZKHQ WKHVLQWHULQJPHWKRGZDVDGRSWHG:KHQVLOYHUEUD]LQJZDVXVHG
LQVWHDGDVPRVWRIWKHVXEPLOOLPHWHUVFDOHJDSVEHWZHHQWKHFRSSHUSRURXVSODWHDQGWKHFRSSHU
ILQFDQEHILOOHGE\KLJKO\FRQGXFWLYHEUD]LQJILOOHUPHWDOVZKRVHWKHUPDOFRQGXFWLYLW\LVIDUODUJHU
WKDQWKDWRISXUHYDSRUYHU\JRRGWKHUPDOFRQWDFWSHUIRUPDQFHFDQEHJXDUDQWHHGHYHQDWYHU\ODUJH
KHDW IOX[HV 8QGHU WKLV FRQGLWLRQ QR REYLRXV GHWHULRUDWLRQ LQ WKH SRRO ERLOLQJ KHDW WUDQVIHU
SHUIRUPDQFHZLOORFFXULQDOOWKHKHDWIOX[UDQJHDVVKRZQLQ)LJ 
&RQFOXVLRQV  
%DVHG RQ WKH FRQFHSW RI ³SKDVH VHSDUDWLRQ DQG PRGXODWLRQ´ D SRURXV DUWHU\ VWUXFWXUH ZDV
SURSRVHGWRHQKDQFHWKH&+)RISRROERLOLQJDQGH[WHQVLYHH[SHULPHQWDOVWXGLHVKDYHEHHQFDUULHG
RXW LQ WKLVZRUN$FFRUGLQJ WR WKHH[SHULPHQWDO UHVXOWVDQG WKHRUHWLFDODQDO\VLVVRPH LPSRUWDQW
FRQFOXVLRQVKDYHEHHQGUDZQDVVXPPDUL]HGEHORZ 
 7KH SRURXV DUWHU\ VWUXFWXUH SURSRVHG KHUH FDQ HIIHFWLYHO\ UHDOL]H WKH OLTXLGYDSRU SKDVH
VHSDUDWLRQ LQ WKH SRRO ERLOLQJ OLTXLG VXSSO\ LV PDLQO\ IURP WKH WRS VXUIDFH RI WKH FRSSHU
PLFURSRURXV VWUXFWXUH ZKLOH YDSRU YHQWLQJ IURP WKH OLTXLGYDSRU LQWHUIDFH LV WKURXJK WKH
PXOWLSOHDUWHULHV WRWKHERLOLQJSRROHQDEOHGE\WKHFDSLOODU\SUHVVXUHGHYHORSHGZLWKLQWKH
SRURXVVWUXFWXUH$VDUHVXOWUDWKHUKLJKKHDWIOX[LH:FPKDVEHHQDFKLHYHGZLWKQR
RFFXUUHQFHRIWKHGU\RXWSKHQRPHQRQGXHWRFRQVLGHUDEO\UHGXFHGOLTXLGYDSRUFRXQWHUIORZ 
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 7KHSRROERLOLQJKHDWWUDQVIHUSHUIRUPDQFHGHFUHDVHVZLWKLQFUHDVLQJGLDPHWHURIWKHFRSSHU
SRURXVSODWHHVSHFLDOO\DWUHODWLYHO\ODUJHKHDWIOX[HVZKLFKLVPDLQO\FDXVHGE\LQFUHDVHG
YDSRUIORZUHVLVWDQFHLQWKHDUWHULHV 
 7KHSRROERLOLQJKHDWWUDQVIHUSHUIRUPDQFHLQFUHDVHVZLWKLQFUHDVLQJWKLFNQHVVRIWKHFRSSHU
SRURXV SODWH HVSHFLDOO\ DW UHODWLYHO\ ODUJH KHDW IOX[HV ZKLFK LV EHOLHYHG WR EH GXH WR
DXJPHQWDWLRQRIWKHHIIHFWLYHKHDWWUDQVIHUDUHDDQGWKHUHGXFWLRQLQWKHOLTXLGIORZUHVLVWDQFH
LQWKHKRUL]RQWDOGLUHFWLRQEHFDXVHRIWKHLQFUHDVHRIWKHIORZDUHD 
 7KHFRQQHFWLRQPHWKRGEHWZHHQWKHSRURXVSODWHDQGWKHFRSSHUILQVLJQLILFDQWO\DIIHFWVWKH
SRROERLOLQJKHDWWUDQVIHUSHUIRUPDQFH$WODUJHKHDWIOX[HVVHYHUHGHWHULRUDWLRQRFFXUVLQWKH
SRROERLOLQJKHDWWUDQVIHUSHUIRUPDQFHZKHQWKHVLQWHULQJPHWKRGLVDGRSWHGGXHWRLPSHUIHFW
FRQWDFWEHWZHHQWKHSRURXVSODWHDQGWKHFRSSHUILQ8VLQJVLOYHUEUD]LQJLQVWHDGLVDJRRG
VROXWLRQ DV WKH JDSV EHWZHHQ WKH SRURXV SODWH DQG WKH FRSSHU ILQ FDQ EH ILOOHG E\ KLJKO\
FRQGXFWLYHEUD]LQJILOOHUPHWDOV 
 
$FNQRZOHGJHPHQWV 
7KLVZRUNZDVVXSSRUWHGE\WKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD1R
DQG%HLMLQJ1DWXUDO6FLHQFH)RXQGDWLRQ1R 
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Fig. 1 6FKHPDWLFRIWKHH[SHULPHQWDOV\VWHP 
Fig. 2 6FKHPDWLFRIWKHSRURXVDUWHU\VWUXFWXUH 
Fig. 3 6(0SKRWRRIWKHPLFURSRURXVFRSSHUSODWHGLDPHWHUUDQJHȝP 
Fig. 4 7HPSHUDWXUHFKDQJHVIRUGLIIHUHQWKHDWIOX[HVPLFURSRURXVSODWHWKLFNQHVVPPGLDPHWHU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PP 
Fig. 5 /LTXLGYDSRU GLVWULEXWLRQ DQG PRYHPHQW IRU GLIIHUHQW KHDW IOX[HV PLFURSRURXV SODWH
WKLFNQHVVPPGLDPHWHU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Fig. 6 6XSHUKHDWGHSHQGHQFHRIKHDWIOX[IRUSRROERLOLQJZLWKGLIIHUHQWFDVHVPLFURSRURXVSODWH
WKLFNQHVVPPGLDPHWHUPPFKDQQHOZLGWKDQGGHSWKDQGPP 
Fig. 7 (IIHFWRIWKHGLDPHWHURISRURXVSODWHRQWKHSRROERLOLQJSHUIRUPDQFHPLFURSRURXVSODWH
WKLFNQHVVPPGLDPHWHUDQGPP 
Fig. 8 6FKHPDWLFRIOLTXLGYDSRUGLVWULEXWLRQLQWKHSRURXVVWUXFWXUHZLWKGLIIHUHQWKHDWIOX[HV 
Fig. 9 (IIHFWRIWKHWKLFNQHVVRISRURXVSODWHRQWKHSRROERLOLQJSHUIRUPDQFHPLFURSRURXVSODWH
GLDPHWHUPPWKLFNQHVVDQGPP 
Fig. 10 (IIHFWRIFRQQHFWLRQPHWKRGRQWKHSRROERLOLQJKHDWWUDQVIHUSHUIRUPDQFHPLFURSRURXV
SODWHWKLFNQHVVPPGLDPHWHU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